Summary: A visual Java-based tool for drawing and annotating biological pathways was developed. This tool integrates the possibilities of charting elements with different attributes (size, color, labels), drawing connections between elements in distinct characteristics (color, structure, width, arrows), as well as adding links to molecular biology databases, promoter sequences, information on the function of the genes or gene products, and references. It is easy to use and system independent. The result of the editing process is a PNG (portable network graphics) file for the images and XML (extended markup language) file for the appropriate links.
INTRODUCTION
The knowledge about biological pathways, their components, and the interaction between the components is crucial for understanding the function of the cell. With the advance of both, molecular biology technology and information technology, the information about molecular interactions is steadily increasing. Consequently, modeling, editing and annotating biological pathways is becoming an important issue for the organization of knowledge as well as for pathways analysis and computation. The importance of tools for editing pathways including metabolic pathways, signal transduction pathways, or gene regulatory networks was recognized earlier and a set of programs was developed for this purpose. Basically, there are three types of pathway drawing approaches: auto-layout, manual (interactive) drawing, or a hybrid of these two approaches (Kanehisa et al., 2002; Koike and Rzhetsky, 2000; Karp, 2001; Karp et al., 2002; Becker and Rojas, 2001) . Of these, interactive drawing tools are useful for the construction of pathway diagrams in a visual way based on available knowledge, and the annotation of the components and interactions between * To whom correspondence should be addressed.
them. However, to the best of our knowledge, there is currently no easy to use and platform independent interactive drawing tool available. Therefore, we have initiated the development of a Java tool to facilitate the representation, visualization and analysis of biological pathways.
PROGRAM OVERVIEW
The pathway editor we have designed represents a novel drawing tool which integrates the possibilities of: (a) charting elements with different attributes (size, colour, labels); (b) drawing connections between elements in distinct characteristics (colour, structure, width, arrows); (c) adding text; and (d) creating a legend and adding literature (Figure 1 ). The form of each element-typically representing a gene as a part of a pathway-can be edited independently in the drawing plane. The great benefit of this tool is that additional information can be appended to each element via an input mask.
For each element in the pathway a specific information field exists. The field includes structured information about a gene, protein, 3D-structure, gene regulation, function, literature, and links. The GenBank (Benson et al., 2002) accession number of the respective gene (typically an entry of the mRNA, including the feature CDS for the complete coding sequence) acts as the primary key for the database entries and therefore the declaration of this identity is compulsory. Besides the gene name, symbol name and GenBank accession number for the gene, protein identities for the NCBI, the SWISS-PROT (Wu et al., 2002) database, and the 3D structures databases can be specified, and the accession numbers displayed and linked to the appropriate databases. The body of the query strings for these links can be changed for all entries of the pathway at once. Since in the case of transcriptional networks, the binding of transcription factors to the DNA is of interest, in the gene regulation field options were implemented to upload and display sequences upstream of the transcription start site (usually the promoter sequence) and transcription factors known to bind to these upstream activator sequences. The description, localization and classification of the factors are entered by the annotator in plain text and are accessed in the same format. The result of the editing process is a PNG (portable network graphics) file for the images and XML (extended markup language) file for the appropriate links and annotated information. Image maps can be easily created in a web page by parsing the XML files. An example of an image map constructed using this tool is the annotated pathway for insulin signaling (http://gold.tugraz.at).
The pathway editor was implemented in Java and is freely available.
